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1 . A method of cultivating aanaininalian cell in suspension in vitro^ 



compnsmg: 



(a) obtaining a riKimmalian cell to be cultivated in suspension; 



(b) contactioK said cell with a serum-free cell culture medium 
comprising at least one poiyanionic or polycationic compound, wherein said 
medium supports the cultiraion of said cell in suspension. 



2. The method of claim Ifwherein said polyanionic compound is a 
polysulfonated compound or a polysulfated compound. 



3. \The method of claim wherein said polysulfonated or 
polysulfated compound is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, chondroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan) 



4. The method on claim ^2, wherein said polysulfonated or 
polysulfated compound is dextralustfffate. 



5. 



The me 



average molecular weight o 




\m 4^ wherein said dextran sulfate has an 
5,000 daltons. 



6. The method of claim 4^ wherein said medium is protein-free. 



20 



7. 

formulation. 



The method of claim J., wherein said medium is a IX medium 
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8. The method of claim l^herein said medium fomiulation is a 1 OX 
concentrated medium foraiulation. 

9. Tne method of claim 1, wherein said medium further comprises 
one or more ingreoients selected from the group of ingredients consisting of one 
or more amino acidsi one or more vitamins, one or more inorganic salts, one or 
more buffering salts, Vne or more sugars, one or more lipids, transferrin (or 
transferrin substitute), aWjnsulin (or insulin substitute). 

10. The method Y)f claim 9rwherein said medium further comprises 
one or more supplements selWed from the group of supplements consisting of 
one or more cytokines, heparin\one or more animal peptides, one or more yeast 
peptides and one or more plant peptides. 

1 1 . The method of claim 10, wherein said one or more plant peptides 
are one or more rice peptides or one or more soy peptides. 

12. The method of claim ^9, wherein said amino acid ingredient 
comprises one or more amino acids selected from the group consisting of L- 
alanine, L-arginine, L-asparagine, L-aspartic acid, L-cysteine, L-glutamic acid, 
L-glutamine, glycine, L-histidine, L-isoleucine, L-leucine, L-lysine, L- 
methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan, 
L-tyrosine and L-valine. 

/ 

13. The method of claim 9, wherein said vitamin ingredient comprises 
one or more vitamins selected from the group consisting of biotin, choHne 
chloride, D-Ca^'^-pantothenate, foHc acid, /-inositol, niacinamide, pyridoxine, 
riboflavin, thiamine and vitamin B,, . 
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14. The method of claim 9f wherein said inorganic salt ingredient 
comprises one or more inorganic salts selected from the group consisting of one 
or more calcium salts, Fe(N03)3, KCl, one or more magnesium salts, one or more 
manganese salts, NaCl, NaHCOj, Na2HP04, one or more selenixmi salts, one or 
more vanadium salts and one or more zinc salts. 

15. A method of cultivating a mammalian cell in suspension in vitro, 
comprising: / 

(a) obtaining a mammalian cell to be cultivated in suspension; 
and / 

(b) contacting saidr cell with a cell culture medium comprising 
the ingredients ethanolamine, D-glucose, N-[2-hydroxyethyl]piperazine-N -[2- 
ethanesulfonic acid] (HEPES), i/sulin, linoleic acid, lipoic acid, phenol red, 
PLURONIC F68, putrescine, solium pyruvate, transferrin, L-alanine, L-arginine, 
L-asparagine, L-aspartic acid, yL-cysteine, L-glutamic acid, L-glutamine, glycine, 
L-histidine, L-isoleucine, L-Ofeucine, L-lysine, L-methionine, L-phenylalanine, L- 
proline, L-serine, L-threonme, L-tryptophan, L-tyrosine, L-valine, biotin, choline 
chloride, D-Ca^^-pantotnenate, folic acid, /-inositol, niacinamide, pyridoxine, 
riboflavin, thiaminCj^vitamin Bj2, at least one poly anionic or polycationic 
compound, one or more calcium salts, KCl, one or more iron salts, one or more 
magnesium saltsyone or more manganese salts, NaCl, NaHC03, Na2HP04, one 
or more seleniimi salts, one or more vanadium salts and one or more zinc salts, 

whe^in each ingredient is present m an amount which supports the 
cultivation^ of said cell in suspension. 



16. The method of claim 1^, wherein said polyanionic compound is 
a polysulfonated or polysuifated compound. 
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17. The method of claim 16; wherein said polysulfonated or 
polysulfated compomid is selected from the group consisting of dextran sulfate, 
heparin, heparan sul^te, chondroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan. 



18. The methbd of claim 1^, wherein said polysulfonated or 
polysulfated compoundTs"lexffan sulfate. 



19. The metnod oi/claim 18, wherein said dextran sulfate has an 
average molecular weight of attout 5,000 daltons. 



20. The method of claim 15^ wherein said medium further comprises 
one or more supplements selected from the group consisting of one or more 
cytokines, heparin, one or more animal peptides, one or more yeast peptides and 
one or more plant peptides. 



21 . The method of claim 20, wherein said one or more plant peptides 
are one or more rice peptides or one or more soy peptides. 



ompnsmg: 



A method of cultivating a mammalian cell in suspension in vitro. 



a mammalian cell to be cultivated in suspension; 




(b) / contacting said cell with a cell culture medium obtained by 
combining a h^l medium with at least one polyanionic or polycationic 
compound, \^erein said medium supports the cultivation of said cell in 
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23. The method of claim 22^ wherein said polyanionic compoimd is 
a polysulfonated or polysulfated compound. 




1^^^ 24, \The method of claim 23, wherein said polysulfonated or 
polysulfated compound is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, chondroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan. V 



25, The method of claim 6^3, wherein said polysulfonated or 



^ polysulfated compound is yqpxffan sulfate. 




n 26. The method'^Qf claim 25, wherein said dextran sulfate has an 

?^ 10 average molecular weight of about 5,000 daltons. 



^ 27. The method of claim 22, wherein said basal medium is obtained 



by combining one or more ingredients selected from the group consisting of 
ethanolamine, D-glucose, N- [2-hydroxy ethyl] -piperazine-N'- [2-ethanesulfonic 
acid] (HEPES), insulin, linoleic acid, lipoic acid, phenol red, PLURONIC F68, 

15 putrescine, sodium pyruvate, transferrin, L-eJanine, L-arginine, L-asparagine, L- 

aspartic acid, L-cysteine, L-glutamic acid, L-glutamine, glycine, L-histidine, L- 
isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L- 
serine, L-threonine, L-tryptophan, L-tyrosine, L-valine, biotin, choline chloride, 
D-Ca^-pantothenate, folic acid, /-inositol, niacinamide, pyridoxine, riboflavin, 

20 thiamine, vitamin B12, one or more calcium salts, one or more iron salts, KCl, one 

or more magnesium salts, one or more manganese salts, NaCl, NaHC03, 
Na2HP04, one or more selenium salts, one or more vanadium salts and one or 
more zinc salts, 

wherein each ingredient is added in an amount which supports the 
25 cultivation of said cell in suspension. 



-83- 



28. The method of claim 22f^vherein said medium is obtained by 
combining said basal medium and one or more supplements selected from the 
group consisting of one or more cytokines, heparin, one or more animal peptides, 
one or more yeast peptides and one or more plant peptides. 

29. The method of claim 28f wherein said one or more plant peptides 
are one or more rice peptides or one or more soy peptides. 

30. The method of any one of claims 1, 15 of-22, wherein said 
mammalian cell is a mammalian epithelial cell. 

3 1 . The method of claim 39, wherein said mammalian epithelial cell 
is selected from the group consisting of a keratinocyte, a cervical epithelial cell, 
a bronchial epithelial cell, a tracheal epithelial cell, a kidney epithelial cell and a 
retinal epithelial cell. 

32. The method of claim 3^ wherein said cell is a human cell. 

33. The method of claim 32, wherein said human cell is a 293 
embryonic kidney cell, a HeLa cervical epithelial cell, a PER-C6 retinal cell, or 
a derivative thereof. 

34. The method of claim 33, wherein said human cell is a 293 
embryonic kidney cell. 

35. The method of claim 30, wherein said cell is a normal cell. 

36. The method of claim 30, wherein said cell is an abnormal cell. 
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37. The method of claim 36; wherein said abnormal cell is a 
transformed cell, an established cell, or a cell derived from a diseased tissue 
sample. 

38. A kit for the cultivation of a mammalian epithelial cell in 
suspension in vitro, said kit comprising one or more containps, wherein a first 
container contains a serum-free culture medium comprising at least one 
polyanionic or polycationic compound, wherein said/medium supports the 
cultivation of said cell in suspension. / 

39. A kit for the cultivation of a inammalian epithelial cell in 
suspension in vitro^ said kit comprising one o/ more containers, wherein a first 
container contains a cell culturemedmm comprising the ingredients 
ethanolamine, D-glucose, N-[2-Kydil3xyg^i^^ 

acid] (HEPES), insulin, linoleic Lid, J$oic ad4, phenol red, PLURONIC F68, 
putrescine, sodium pyruvate, transfOTin\ L;:alWne, L-arginine, L-asparagine, L- 
aspartic acid, L-cysteine, L-glutaniix; acid, L-glutamine, glycine, L-histidine, L- 
isoleucine, L-leucine, L-Iysine, /.-methionine, L-phenylalanine, L-proline, L- 
serine, L-threonine, L-tryptopImn, L-tyrosine, L-valine, biotin, choline chloride, 
D-Ca'^-pantothenate, folic acid, /-inositol, niacinamide, pyridoxine, riboflavin, 
thiamine, vitamin B^j, one cw* more calcium salts, KCl, one or more iron salts, one 
or more magnesium salts, one or more manganese salts, NaCl, NaHC03, 
Na2HP04, one or more selenium salts, one or more vginadium salts and one or 
more zinc salts, / 

wherein each ingredient is present in an amount which supports the 

cultivation of sa^d cell in suspension. 

/ 

407 The kit of claim 59, wherein said culture medium in said first 
containe/further comprises at least one polyanionic or polycationic compound. 
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41. The kit of claim 39^ further comprising a second container 
containing at least one poiyanionic or polycationic compound. 

42 . The kit of any one of claims 3 8, 4D or 4 1 , wMerein said poiyanionic 
compound is a polysulfonated or polysulfated compoiind. 

43. The kit of claim 42<wherein said polysulfonated or polysulfated 
compound is selected from the group consisting^ of dextran sulfate, heparin, 
heparan sulfate, chondroitin sulfate, dermatan /ulfate, pentosan sulfate and a 
proteoglycan. 

44. The kit of claim 4^, whereirysaid polysulfonated or polysulfated 
compoimd is dextran sulfate. 

45. The kit of claim 44^ wherein said dextran sulfate has an average 
molecular weight of about 5,000 daltons. 



46. The kit of c\mm<^^or_^sA(ii 39, further comprising one or more 
additional containers containing/one or more supplements selected from the group 
consisting of one or more cytokines, heparin, one or more animal peptides, one 
or more yeast peptides and/one or more plant peptides. 

47. The kit ©f claim 4^ wherein said one or more plant peptides are 
one or more rice peptides or one or more soy peptides. 

48. A / composition comprising a serum-free culture medium 
comprising at least one poiyanionic or polycationic compound, wherein said 
culture medii^ supports the cultivation of a mammalian cell in suspension in 
vitro. 
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49. The composition of claim 48,^herein said polyanipnic compound 



is a polysulfonated or polysulfated compoimd. 



/ 



50. The composition of claim 49^ wherein said polysulfonated or 
polysulfated compound is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, chondroitin sulfate, dermatan j/ulfate, pentosan sulfate 
and a proteoglycan. 

51. The composition of claim wherein said polysulfonated or 
polysulfated compound is dextran sulfate. 



52. The composition of claim 5 1 /^herein said dextran sulfate has an 
average molecular weight of about 5,00(>^ltons. 



5 3 . The composition of claim 



^comprising at least one virus. 



54. The composition of claim 53, wherein said virus is selected from 
the group consisting of an adenovirus/ an adeno-associated virus and a retrovirus. 



55. The composition pf claim 48, fixrther comprising at least one 

/ 

mammalian epithelial cell. 



56. The composiiion of claim 5^ wherein said mammalian epithelial 
cell is selected from the group consisting of a keratinocyte, a cervical epithelial 
cell, a bronchial epithelial cell, a tracheal epithelial cell, a kidney epithelial cell 
and a retinal epithelial cell. 



The composition of claim 55, wherein said cell is a human cell. 
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58. The composition of claim 57; wherein said human ceil is a 293 
embryonic kidney cell, a HeLa cervical epithelial cell, a/PER-C6 retinal cell or 



a derivative thereof. 



/ 



59. The composition of claim 5^, whereiii said cell is a normal cell. 

/ 



60. 



r 

i, wh^ 



cell. 



The composition of claim 55, whprein said cell is an abnormal 

/ 
/ 
/ 

/ 



/ 



61. The composition of claim wherein said abnormal cell is a 
transformed cell, an established cell, or a c^U derived from a diseased tissue 
sample. 



62. A composition for use in Aspenjkm cultivation of a mammalian 
cell, comprising a serum-free culture piedium and at least one polyanionic or 
polycationic compound. 



63 . The composition oficlaim 62, wherein said polyanionic compound 
is a polysulfonated or polysulfat^d compound. 



64. The composition of claim 63C wherein said polysulfonated or 
polysulfated compound is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, /hondroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan. 



65. The /composition of claim 63, wherein said polysulfonated or 
polysulfated compound is dextran sulfate. 
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66. The composition of dmm6$, wherein said dextran sulfate has an 
average molecular weight of about 5,up0^altons. 

67. A serum-free culture medium for use in suspension cultivation of 
a mammalian cell, comprising at leasuone polyanionic or polycationic compound. 

68. A serum-free cultiufe medium for use in producing a virus, said 
medium comprising at least one pj&lyanionic or polycationic compoimd, wherein 
a virus-infected mammalian cell cultivated in suspension in said medium 
produces a higher virus titer thah a mammalian cell not cultivated in suspension 
in said medium. \ A— ^ 

69. The cultur^^neHumi of claim 67^or claim 68, wherein said 
polyanionic compound is/a polysulfonated or polysulfated compound. 

70. The culture medium of claim wherein said polysulfonated or 
polysulfated compouna is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, chondroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan/ 

7 1 . The culture mediimi of claim 69^ wherein said polysulfonated or 
polysulfated compound is dextran sulfate. 

72/ The culture medium of claim 71 s wherein said dextran sulfate has 
an average molecular weight of about 5,000 daltons. 
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73. A method of producing a virus comprising 

(a) obtaining a mammalian cell to be infected with a virus; 

(b) contacting said cell vnih a virus under conditions suitable to 
promote the infection of said cell by said virus; and 

(c) cultivating said cell according to the method of any one of claims 
1 , 1 5 or 22, under conditions suitable to promote the production of said virus by 
said cell. 

74. The method of claim 73<" wherein said mammalian cell is an 
epithelial cell. 

75 . The method of claim 73^herein said mammalian cell is a human 

cell. 



76. The method of claim 7/, wherein said human cell is a 293 
embryonic kidney cell. 

77. The method of claim 7^, wherein said virus is an adenovirus, an 
adeno-associated virus or a retrovirus. 

^87"^ A virus pro duced iii^^^^^Js^ of claiiii 7 

79. A method of producing a polypeptide comprising 

(a) obtaining a mammalian cell that has been genetically engineered 
to produce a polypeptide; and 

(b) cultivating said cell according to the method of any one of claimS 
1 , 1 5 or 22, under conditions favoring expression of said polypeptide by said 
mammalian cell. 
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80. The method of claim 7*9, wherein said mammalian cell is an 
epithelial cell. 



8 1 . The method of claim 79^ wherein said mammalian cell is a human 

cell. 



82. The method of claim 81, wherein said human cell is a 293 
embryonic kidney epithelial cell. 




"^^^ "TTp Di }' peptide pi ud ucod Qecogfling to thi>HTgfIiod of claim 79^ 



84. A eukaryotic cell culture medium comprising a Fe^^ chelate and 
a Zn salt, wherein said medium is capable of supportiiig the high-density growth 
of mammalian cells in suspension culture and/or th^xpression of recombinant 
protein. 



85. The eukaryotic cell culture medium according to claim 8^; wherein 
said medium contains neither transferfm riQ* insulin. 



86. The eukaryotic cell culto^medmm according to claim §4, wherein 
said mammalian cells are Chinese i^lnstefovary cells. 

87. The eukaryotiocell culture medium according to claim 84, wherein 
said medium is a IX medium formulation. 



88. The eukkyotic cell culture medium according to claim ^4, wherein 
said medium is a concentrated medium formulation. 
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89. The exjkaryotic cell culture medium accordiiyg to claim 8^/wherein 
said medium is a 1 OX medium fomiulation. 

90. The eukaryotic cell culture medium according to claim 88, wherein 
said medium formulation is greater than lOX. 

9 1 . The eukaryotic cell culture medium according to claim 84, wherein 
the concentration of said Fe^^ is about 0.00028 to 0.011 g/L and said 
concentration of said Zn^^ is about 0.00007 to 0JD0073 g/L. 

92. The eukaryotic cell culture meduim according to claim 91 wherein 
said concentration of said Fe^" is about 0.00 1/ g/L and said concentration of said 
Zn^^ is about 0.000354 g/L. 

93 . The eukaryotic celf cultiim^ to claim 8^, further 
comprising a polyanionic or polycat|o4ub compojHid, wherein said polyanionic or 
polycationic compound is present in an amount sufficient to prevent cell 
clumping and/or increase the lev^ of recombinant protein expression. 

94 . The eukaryotic 
said polyanionic compoxmcy is a polysulfonated compound or a polysulfated 

compound. 

95. The euksuyotic cell culture medium according to claim 94, wherein 
said polysulfonated ybr polysulfated compound is selected from the group 
consisting of dexti^i sulfate, heparin, heparan sulfate, chondroitin sulfate, 
dermatan sulfate, pentosan sulfate and a proteoglycan. 



-92- 

/ 

/ 

96. The eukaryotic cell culture medium according to claim 95rwherein 
said polysulfonated or polysulfated compound is dext^an sulfate. 

97. The eukaryotic cell culture medium according to claim 9^ wherein 
said dextran sulfate has an average molecular weight of 5,000 daltons. 

98. The eukaryotic cell culture medmm according to claim 8^or 93, 
further comprising one or more ingredients selected from the group consisting of 
L-arginine, L-asparagine-H20, L-aspartic acid, L-glutamic acid, L-histidine, 
hydroxy-L-proline, L-isoleucine, L-leucine, L-lysine-HCl, L-methionine, L- 
phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan, L-tyrosine, L- 
valine, L-cystine-2HCl, Na2HP04, pyridoxine-HCl, thiamine-HCl, glutathione, 
cupric sulfate-THjO, cadmium chkind?^ p, cobalt chloride-2H Q, stannous 
chloride-2H20, manganous ^IfatWlj^^ ^dcel sulfate-6H20, sodium 
metavanadate, ammonium molybdatejftHjO, barmm acetate, potassium bromide, 
potassium iodide, chromium sulfat^-soditdn fluoride, silver nitrate, rubidivun 
chloride, zirconyl chloride, aluminum chloride, germaniimi dioxide, titanium 
tetrachloride, sodium metasilicate/magnesium chloride (anhydrous), D-calcium 
pantothenate, calcium nitrate4H/0, potassium chloride, ascorbic acid magesium 
salt phosphate, pluronic F68 io% solution, Na2HP04, D-glucose, folic acid, 
riboflavin, biotin, choline cmoride, niacinamide, i-inositol, sodium pyruvate, 
vitamin B-12, P-mercaptoemanol, para-aminobenzoic acid, P-glycerophosphate, 
sodium selenite, emanolamine-HCl, spermine, putrescine-2HCl, 
monothioglycerol, and sodium bicarbonate, 

wherein each or said ingredients is present in an amount which supports 
the high-density growth of Chinese hamster ovary cells in suspension culture 
and/or the expressio/n of recombinant protein. 
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99. A enkaryotic cell culture medium obtained/by combining ferrous 
sulfate-EDTA and ZnS04-7H20, together with a eukaryotic medium, wherein said 
ferrous sulfate-EDTA and said ZnS04-7H20 are each present in an amount which 
supports the high-density growth of Chinese hamster ovary cells in suspension 
culture. 

1 00. The eukaryotic cell culture medium according to claim 99f1urther 
comprising a polyanionic or polycationic compound, wherein said polyanionic or 
polycationic compound is present in an apiount sufficient to prevent cell 
clumping and/or increase the level of reconi|binant protein expression. 

101. The eukaryotic cell culti^e medium according to claim 100,' 
wherein said polyanionic compound /s a polysulfonated compound or a 
polysulfated compound. 



102. The eukaryoticr cell ycmture medium according to claim lOll-; 
wherein said polysulfonated oVpoly^fated compound is selected from the group 
consisting of dextran sulfate, h^arin, heparan sulfate, chondroitin sulfate, 
dermatan sulfate, pentosan sulfeie-^tria a proteoglycan. 



103. The eukaryotic cell culture mediimi according to claim 103;- 
wherein said polysulfonatea or polysulfated compoimd is dextran sulfate. 



104. The euk^rvotic cell culture medixmi according to claim 103; 
wherein said dextran sUlfate has an average molecular weight of 5,000 daltons. 



105. The/eukaryotic cell culture medium obtained according to claim 
99 or 100, furthe/ comprising one or more ingredients selected from the group 
consisting of L-arginine, L-asparagine-HjO, L-aspartic acid, L-glutamic acid, L- 
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histidine, hydroxy-L-proline, L-isoleucine, L-leiicine, L-lysine-HCl, L- 
methionine, L-phenylalanine, L-proline, L-serine, EL-threonine, L-tryptophan, L- 
tyrosine, L-valine, L-cystine-2HCl, Na2HP04,ypyridoxine'HCl, thiamine-HCl, 
glutathione, cupric sulfate-SHjO, cadmiiun cMoride-SHjO, cobalt chloride-lHjO, 
stannous chloride-2H20, manganous sulfa^-HjO, nickel sulfate-6H20, sodium 
metavanadate, ammonium molybdate-4Im), barium acetate, potassium bromide, 
potassium iodide, chromium sulfate, ^dium fluoride, silver nitrate, rubidium 
chloride, zirconyl chloride, aluminv&n chloride, germanium dioxide, titanium 
tetrachloride, sodium metasiMcateyma^i^ixmi chloride (anhydrous), D-calcium 
pantothenate, calcium nitrate?4Mp, potassium chloride, ascorbic acid magesium 
salt phosphate, pluronic F6»^K>%-^^ Na2HP04, D-glucose, folic acid, 
riboflavin, biotin, choline /chloride, niacinamide, i-inositol, sodium pyruvate, 
vitamin B-12, P-mercaptcfethanol, para-aminobenzoic acid, p-glycerophosphate, 
sodium selenite, / ethanolamine-HCl, spermine, putrescine-2HCl, 
monothioglycerol, a^d sodium bicarbonate, 

wherein ea^ of said ingredients is present in an amount which supports 
the high-density growth of Chinese hamster ovary cells in suspension culture 
and/or the exwession of recombinant protein. 



1 06. A method of cultivatii?^ mammalian cells in suspension culture to 
*gh density and/or expressing a re^mbinant protein, said method comprising the 
steps of / 

(a) contacting s^d cells v^th the eukaryotic cell culture medium of 
claim 84, wherein said chelate and said Zn^"^ salt are each present in an 
amount which suppo^ the growth of mammalian cells in culture; and 

(b) cuWivating said mammalian cells under conditions suitable to 
support the growth of said cells to high density and/or the expression of said 
recombinantyprotein. 
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107. The kethod according to claim lO&T further comprising a 
polyanionic or polycatipnic compound, wherein said polyanionic or polycationic 
compoimd is present iA an amount sufficient to prevent cell clumping and/or 
increase the level of recombinant protein expression. 



108. The method according to claim lOTfwherein said polyanionic 
compound is a polysulfonated compound or a polysulfated compoimd. 




109. TShe method according to claim 108/Wherein said polysulfonated 
or polysulfated cbmpoxmd is selected firom the group consisting of dextran 
sulfate, heparin, hep^an sxilfate, chondroitin sulfate, dermatan sulfate, pentosan 
sulfate and a proteoglVcan. 



1 1 0. The method according to claim 1 0^ wherein said polysulfonated 
or polysulfated compound is defctran sulfate. 



111. The method atcoc<iihg to claim 1 ip- wherein said dextran sulfate 
has an average molecular weight 5,000 daltons. 

112. The method according to claim 106^r 107, wherein said 
eukaryotic cell culture medium further comprises one or more ingredients 
selected from the group consisting of L-arginine, L-asparagine-H20, L-aspartic 
acid, L-glutamic acid, L-histidine, hydroxy-L-proline, L-isoleucine, L-leucine, L- 
lysine-HCl, L-methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L- 
tryptophan, L-tyrosine, L-valine, L-cystine-2HCl, Na2HP04, pyridoxine-HCl, 
thiamine-HCl, glutathione, cupric sulfate-SHjO, cadmium chloride'5H20, cobalt 
chloride-ZHjO, stannous chloride-2H20, manganous sulfate-HjO, nickel 
sulfate-6H20, sodium metavanadate, ammonium molybdate-4H20, barium 
acetate, potassium bromide, potassium iodide, chromium sulfate, sodium fluoride, 
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silver nitrate, rubidium chloride, zirconyl chloride, aluminum chloride, 
germanium dioxide, titaniimi tetrachloride, sodium metasilicate, magnesium 
chloride (anhydrous), D-calcium pantothenate, calcium nitrate*4H20, potassixmi 
chloride, ascorbic acid magesium salt phosphate, pluronic F68 10% solution, 
Na2HP04, D-glucose, folic acid, riboflavin, biotin, choline chloride, niacinamide, 
i-inositol, sodium pyruvate, vitamin B-12, p-mercaptoethanol, para-aminobenzoic 
acid, P-glycerophosphate, sodium selenite, ethanolamine-HCl, spermine, 
putrescine-2HCl, monothioglycerol, and sodium bicarbonate, 

wherein each of said ingredients is present in an amount which supports 
_^10 the hrgh-densitj* growth of Chinese hamster ovary cells in suspension culture 

PJ and/or the expression of recombinant protein. 



•ST? 



113. An improved eukaryotic cell culture mediiim for growing Chinese 
hamster ovary cells in suspension culture to high/aensity, the improvement 
fij comprising replacing insulin with a Zn^"" salt and/OT replacing transferrin vy^th a 

^15 Fe^^ chelate and/or replacing transferrin with a Pe^^ chelate. 



- 3 i 



114. The eukaryotic cell culture niedium according to claim 113, further 
comprising a polyanionic or polycatioirfox^ wherein said polyanionic or 

polycationic compound is presrat jmran anraunt sufficient to prevent cell 
clumping and/or increase the level pi FecornJ)inant protein expression. 

20 115. The eukaryotic/cell culture medium according to claim 11'47 

wherein said polyanionic ycompoimd is a polysulfonated compound or a 
polysulfated compoimd. 



116. Theyeukaryotic cell culture medium according to claim J 15, 
wherein said polysulfonated or polysulfated compound is selected from the group 
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consisting of dextran sulfate, heparin, heparan supate, chondroitin sulfate, 
dermatan sulfate, pentosan sulfate and a proteoglycan. 

117. The eukaryotic cell culture niednun according to claim M6, 
wherein said polysulfonated or polysulfated compound is dextran sulfate. 

118. The eukaryotic cell culture medium according to claim IP?, 
wherein said dextran sulfate has an average molecular weight of 5,000 daltons. 

119. The eukaryotic cell cuture medium according to claim 113s 
wherein the concentration of said Fe^^ or Fe^^, if present, is about 0.00028 to 
0.011 g/L and said concentration of said Zn^^, if present, is about 0.00007 to 
0.00073 g/L. 

120. The eukaryotic celllculture/medium according to claim IIP, 
wherein said concentration of said^^^^*^ Fe^'^, if present, is about 0.001 1 g/L and 
said concentration of said Zn^"^, if present, is about 0.000354 g/L. 

121. The eukaryotic/cell culture medium according to claim 113 114, 
further comprising one or more ingredients selected from the group consisting of 
L-arginine, L-asparagine'H20> L-aspartic acid, L-glutamic acid, L-histidine, 
hydroxy-L-proline, L-isoleucine, L-leucine, L-lysine-HCl, L-methionine, L- 
phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan, L-tyrosine, L- 
valine, L-cystine-2HGl, Na2HP04, pyridoxine-HCl, thiamine-HCl, glutathione, 
cupric sulfate-5H2Q( cadmium chloride-5H20, cobalt cliloride-2H20, stannous 
chloride-2H20, manganous sulfate-HjO, nickel sulfate'6H20, sodium 
metavanadate, aixunonium molybdate-4H20, barium acetate, potassium bromide, 
potassium iodiae, chromium sulfate, sodium fluoride, silver nitrate, rubidium 
chloride, zircpnyl chloride, aluminum chloride, germanium dioxide, titaniimi 
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tetrachloride, sodium metasilicate, magnesium chloride (anhydrous), D-calcium 
pantothenate, calcium nitrate^HjO, potassium chloride, ^fcscorbic acid magesium 
salt phosphate, pluronic F68 10% solution, NajHPO^j, D-glucose, folic acid, 
riboflavin, biotin, choline chloride, niacinamide, i-inositol, sodium pyruvate, 
vitamin B-12, P-mercaptoethanol, para-aminobenzoip acid, p-glycerophosphate, 
sodium selenite, ethanolamine*HCl, spermine, putrescine-2HCl, 
monothioglycerol, and sodium bicarbonate, / 

wherein each of said ingredients is present in an amount which supports 
the high-density growth of Chinese hamsteyovary cells in suspension culture 
and/or the expression of recombinant protein. 

122. An improved method yof cultivating mammalian cells in 
suspension culture to high density ^^^^Xhaiprovement comprising the steps of 

(a) contacting said c^ls jf^fm the^eukaryotic cell culture medium of 
claim 84, wherein said Fe^^ chelate an^^id Zn^"^ salt are each present in an 
amount which supports the high-density growth of mammalian cells in culture; 
and / 

(b) cultivating sai<j mammalian cells under conditions suitable to 
support the high-density growth of said cells. 

123. The method according to claim Yl2, further comprising a 
polyanionic or polycatiomc compound, wherein said polyanionic or polycationic 
compoimd is present in an amoimt sufficient to prevent cell clvunping and/or 
increase the level of recombinant protein expression. 

124. The method according to claim wherein said polyanionic 
compound is a polysulfonated compound or a polysulfated compound. 
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125. The method according to claim 124fwherein said poly sulfonated 
or polysulfated compovmd is selected from the group consisting of dextran 
sulfate, heparin, heparan sulfate, chondroitin sulfate, dfermatan sulfate, pentosan 
sulfate and a proteoglycan. / 

126. The method according to claim 12fi<^herein said poly sulfonated 
or polysulfated compound is dextran sulfate. / 

127. The method according to claim 12^, wherein said dextran sulfate 
has an average molecular weight of 5,000 daltons. 

128. The method according /to claim 1^2 or 123, wherein said 
eukaryotic cell culture medium fiHm5K comprises one or more ingredients 
selected from the group consisting dfl^^^ine, L-asparagine-HjO, L-aspartic 
acid, L-glutamic acid, L-histidme, hi^oxy-L-^)roline, L-isoleucine, L-leucine, L- 
lysine-HCl, L-methionine, L-pl^nVld^iip^X L-serine, L-threonine, L- 
tryptophan, L-tyrosine, L-valinZL-cystine-2HCl, Na2HP04, pyridoxine-HCl, 
thiamine-HCl, glutathione, cupnc sulfate-5H20, cadmium chloride-SHjO, cobalt 
chloride-2H20, stannous cnloride-2H20, manganous sulfate-HjO, nickel 
sulfate-eHjO, sodium metavanadate, ammonium molybdate-4H20, barium 
acetate, potassium bromide; potassium iodide, chromium sulfate, sodiimi fluoride, 
silver nitrate, rubidiunl chloride, zirconyl chloride, aluminum chloride, 
germaniimi dioxide, titanixmi tetrachloride, sodium metasilicate, magnesiimi 
chloride (anhydrous),/D-calcium pantothenate, calcium nitrate-4H20, potassium 
chloride, ascorbic afcid magesium salt phosphate, pluronic F68 10% solution, 
Na2HP04, D-gluccfee, folic acid, riboflavin, biotin, choline chloride, niacinamide, 
i-inositol, sodium pyruvate, vitamin B-12, p-mercaptoethanol, para-aminobenzoic 
acid, p-glyce/ophosphate, sodium selenite, ethanolamine-HCl, spermine. 
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wherein each of said ingredients is present in an amount which supports 
the high-density growth of Chinese hamster ovary celisyin suspension culture. 

129. A kit for the cultivation of a mammalian epithelial cell in 
suspension in vitro, said kit comprising one or mo/e containers, wherein a first 
container contains a medium comprising a Fe^^ chelate and a Zn^^ salt, wherein 
said medium is capable of supporting the high-deAsity growth of mammalian cells 
in suspension culture and/or the expression of/xecombinant protein. 

130. The kit according to claim ^^29, wherein said medivim contains 
neither transferrin nor insulin. 



131. The kit according to clagn 1 30, wherein said mammalian cells are 
Chinese hamster ovary cells. 

132. The kit according^o clmpar 1297 said first container further 
comprising one or more ingreffienlsselected from the group consisting of L- 
arginine, L-asparagine-HjO, L-aspartic acid, L-glutamic acid, L-histidine, 
hydroxy-L-proline, L-isoleucine, L-leucine, L-lysine-HCl, L-methionine, L- 
phenylalanine, L-prbline, l/-serine, L-threonine, L-tryptophan, L-tyrosine, L- 
valine, L-cystine-2HCl, Nk2HP04, pyridoxine-HCl, thiamine-HCl, glutathione, 
cupric sulfate-THjO, cacfanixam chloride-SHjO, cobah chloride-2H20, stannous 
chloride-2H20, manganous sulfate-HjO, nickel sulfate-eHjO, sodium 
metavanadate, ammonium molybdate^HjO, barium acetate, potassium bromide, 
potassium iodide, chromium sulfate, sodium fluoride, silver nitrate, rubidium 
chloride, zirconYi chloride, aluminum chloride, germanium dioxide, titanium 
tetrachloride, sodium metasilicate, magnesium chloride (anhydrous), D-calcium 
pantothenate, /alcium nitrate^HjO, potassium chloride, ascorbic acid magnesium 
salt phospMte, pluronic F68 10% solution, Na2HP04, D-glucose, folic acid. 
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riboflavin, biotin, choline chloride, niacinamide, i-ino/itol, sodium pyruvate, 
vitamin B-12, p-mercaptoethanol, para-aminobenzoic acid, p-glycerophosphate, 
sodium selenite, ethanolamine-HCl, sper^^ine, putrescine-2HCl, 
monothioglycerol, and sodium bicarbonate, 

wherein each of said ingredients is present An an amount which supports 
the high-density growth of Chinese hamster ov^ cells in suspension culture 
and/or the expression of recombinant protein. 

133. The kit according to claim 1 32fwherein said medium in said first 
container further comprises at least one powanionic or polycationic compound. 



134. The kit according tp'-'cS^ 13^, further comprising a second 
container containing at least one ]^l>/§^^miic^ polycationic compoxmd. 

135. The kit according to^nymie of claims 132, 133^or 134, wherein 
said polyanionic compound is a pdlysulfonated or polysulfated compound. 



136. The kit accordii/g to claim 135, wherein said poly sulfonated or 
polysulfated compound is selected from the group consisting of dextran sulfate, 
heparin, heparan sulfate, cl)6ndroitin sulfate, dermatan sulfate, pentosan sulfate 
and a proteoglycan. 

137. The kit according to claim 13^ wherein said polysulfonated or 
polysulfated compound is dextran sulfate. 



138. TJie kit according to claim 1 3^, wherein said dextran sulfate has 
an average mo/ecular weight of about 5,000 daltons. 
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139. The method of claim 9rwhe^n said medium further comprises 
linoleic acid, lipoic acid, phenol re(K PySRONIC F68, putrescine, sodium 
pyruvate, wherein said buffering salt is M-[2-lmk^)xyethyl]-piperazine-N'-[2- 
ethanesulfonic acid] (HEPES), and wher/in said sugar is D-glucose. 
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